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INTRODUCTION 
The pseudocoeloraic fluid (PF) is an important morpho­
logical feature of the nematode for a number of reasons. It 
completely fills the body cavity (pseudocoelom) and is 
therefore in intimate contact with all the internal organs. 
Reviews by Fairbairn (1957, 1960) have indicated that the PF 
of Ascaris is a heterogeneous mixture of proteins, lipids, 
carbohydrates, enzymes, nitrogenous compounds and inorganic 
ions. This rich store of nutrients and digestive products 
also is transported by the PF, a function aided by agitation 
during the worm's body movements (Meglitsch, 1967). 
The PF functions mechanically in movement of the worm 
in that the longitudinal muscles act against the PF as an 
incompressible liquid. In so doing, the PF becomes the 
counterpart of a skelton, a role which has been described 
as a "hydroskeleton" or "hydrostatic skeleton". The muscles 
are contracted tonically so that the PF is under continuous 
pressure. The pressure also can function to overcome the 
colloidal osmotic pressure of the PF and aid in excretory 
elimination from the parasite (Harris and Crofton, 1957). 
If the PF is a principal storage depot for the nematode, 
it probably is of greatest importance to the Ascaris 
female. Olsen, Kelley and Sen (1958) reported than an 
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estimated two million eggs per worm per day are produced in 
swine naturally infected with Ascaris suum. Such demands 
would produce a considerable turnover of components in the 
PF essential to egg production. 
The PF has not been as extensively studied for its 
immunological properties as it has for its biochemical and 
physiological functions. In most instances where the PF has 
been studied immunologically, it has been considered as one 
division of the entire parasite in relation to antigenic , 
composition, as revealed by such analytical procedures as 
Ouchterlony gel precipitation, immunoelectrophoretic 
analysis or indirect hemagglutination. 
This study was undertaken on the premise that the PF 
merited detailed investigation immunochemically and 
physicochemically for its vital role to the parasite in toto. 
An additional objective was to single out interesting 
antigenic components for intensive study as well-defined 
purified preparations. Such antigens could serve as useful 
markers or tools for relating the PF and A. suum to the 
developmental stages and host parasite interactions. 
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REVIEW OF LITERATURE 
Considerable information has been published on the 
Ascaris as an antigen; this has been reviewed by Jeska 
(1966) and Williams (1968). Of this published work, sur­
prisingly little has directly involved the PF as a subject. 
This literature review will deal only with the PF, and the 
first section will cover the immunology of the PF. 
An objective of this study was to select certain antigens 
of interest for detailed study. Two such antigens were 
selected, namely the PF hemoglobin and an antigen which was 
demonstrated to be valuable for the diagnosis of visceral 
larval migrans (VLM) first described by Oliver-Gonzalez et al. 
(1969). The VLM diagnostic antigen now appears to be a PF 
collagen. Because most of this research effort was devoted 
to studying these two components, sections in this literature 
review will summarize the information published on hemoglobin 
and collagen of Ascaris. The last section to be reviewed 
covers non-immunological biochemical studies of the PF. 
Immunology of Ascaris Pseudocoelomic Fluid 
The PF of Ascaris is an ideal substance for antigenic 
analysis, in that its constituents are in solution and thus 
the potentially denaturative process of extraction is unnec­
essary. This advantage afforded by PF surprisingly has not 
been adequately exploited. Relatively few of the antigenic 
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analyses published on Ascaris directly involve the PF, but 
instead are directed more toward extraction and solubiliza­
tion of tissue or somatic antigens. 
Beginning probes into the antigenic nature of Ascaris 
involved precipitin tests for various antibodies in sera from 
immunized and infected individuals and study of allergic mani­
festations as were revealed principally through skin tests. 
When PF was examined it was found to be a potent allergen, 
but the PF also was capable of causing a non-specific toxic 
reaction in unsensitized test animals making interpretation 
of results difficult (Dukelskaia and Golubeva, 1927; 
Cieszynski, 1928). More recently allergists have been able 
to fractionate whole Ascaris extracts to produce preparations 
capable of specific allergic reactions (Strejan and Campbell, 
1967a,b; Hogarth-Scott, 1967; McAninch and Patterson, 1970). 
A particular feature of Ascaris allergy involving 
reactions without actual contact with the parasite materials 
has not been studied. Investigators (personal communication) 
who have been engaged in Ascaris research have stated that 
continuous exposure to the worm or PF will probably provoke 
an allergy to Ascaris. This author needs only to enter 
a room where Ascaris has been or open a container of worms 
to invoke an immediate reaction. Patterson and Suszko (1971) 
were able to cause respiratory allergy in primates with an 
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aerosolized fraction of the whole worm. The Ascaris PF, 
therefore, may serve as a source of material for the study 
of natural aerosol or volatile allergens. 
The more definitive characterization of Ascaris PF 
utilizing precipitating antibodies has involved principally 
Ouchterlony gel precipitation analysis and immunoelectro-
phoretic analysis (lEA), both of which are relatively recent 
innovations. In most instances, the analysis of antigens 
has involved a comparison of an adult Ascaris to its develop­
mental stages (Williams and Soulsby, 1970a; Justus and Ivey, 
1969), a comparison of the various adult tissues (Tormo and 
Chordi, 1965; Martinetto, Cappuccinelli and Negro Ponzi, 1968; 
Cappuccinelli, Carlone and Martinetto, 1970), or comparisons 
between Ascaris and other species (Suzuki, 1968; Tormes, 1969) 
or Ascaris and the host (Williams and Soulsby, 1970b), With 
two exceptions (Williams and Soulsby, 1970a,b), in works 
cited which sought to compare antigens using lEA, arcs were 
identified on the basis of electrophoretic mobility, flexure 
and position, and, in the case of Tormo and Chordi (1965), 
chemical staining properties, and thus were arbitrarily 
assigned an identifying designation such as a number. 
Unfortunately, mere inspection alone is not a valid 
immunochemical criterion for identity between antigens. 
Additional studies may be required to better demonstrate the 
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identity of antigens by a fusion of precipitin bands using 
the analytical methodology described by Ouchterlony (1958). 
In so doing, previous work would be validated or clarified. 
Once again, the PF would lend itself to such a study because 
of the abundance of antigens already in solution. 
Pseudocoelomic Fluid Hemoglobin 
The PF hemoglobin of A. suum was chosen for detailed 
study for a number of reasons. The hemoglobin is the best 
characterized single component of the PF. Many of its 
physical and chemical properties are known (Davenport, 1945, 
1949a,b; Wittenberg, Okazaki and Wittenberg, 1965; Okazaki 
et al. 1965; Okazaki and Wittenberg, 1965) and a procedure 
for obtaining highly purified hemoglobin from the PF has 
been published (Wittenberg, Wittenberg and Noble, 1972). 
At the outset of this dissertation research, the anti­
genic properties of Ascaris hemoglobin were not known. 
Furthermore, the reported presence of hematin in Ascaris eggs 
(Smith and Lee, 1963) indicated that hemoglobin might be 
present in developmental stages. It was decided that an 
antigenic analysis of the hemoglobin and its subsequent use 
as an antigenic marker for relating a PF component to stages 
in Ascaris development would be instructive. 
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A late publication by Thompson (1972) reported the 
isolation of a "heme protein antigen" from Ascaris suum. 
While the data as presented do not justify a conclusion 
that the hemoglobin or "heme protein" is antigenic, the 
data do give some indications of hemoglobin antigenicity. 
Thompson performed her immunological tests on PF components 
fractionated by ion exchange chromatography, but does not 
report having repeated her antigenic analysis on the purified 
hemoglobin to confirm its antigenicity. In addition, because 
she used antiserum from rats infected with a nematode other 
than Ascaris suum, it is necessary that she establish first, 
that the stages of Amplicaecum robertsi immunologically 
involved in the infected rat contains hemoglobin and second, 
that such hemoglobin cross-reacts with her adult Ascaris 
suum hemoglobin preparation. 
Nonetheless, even with such deficiencies, the work of 
Thompson (1972) was considered to be an indication of the 
possible involvement of hemoglobin in the infective phases 
and experiments were performed to determine whether a 
hemoglobin antigen is active during infection. This 
information, when combined with findings on the antigenic 
relationship of hemoglobin from A. suum developmental stages, 
could produce valuable information on the role of a single 
component of a parasite in the context of host-parasite 
relationships. 
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Ascaris Collagen 
The second PF component selected for detailed study was 
initially a VLM diagnostic antigen (Oliver-Gonzalez et al, 
1969) which was indicated through the course of this investi­
gation to be a collagen-like substance of the PF. Collagen 
has been demonstrated in the adult Ascaris in the muscle 
layers (Fujimoto and Prockop, 1969), intestinal basal lamella 
(Dawson, 1960) and in the cuticle (Josse and Harrington, 
1964). In a histochemical description of the adult Ascaris 
cuticle, Novelli (1961) described ten layers, eight of which 
he reported to contain collagen. In addition, Jeska (unpub­
lished) has isolated collagen antigenically identical to 
adult soluble cuticular collagen from infective juvenile 
cuticles <, 
The cuticle of the infective stages has been demonstrated 
to be immunologically active through cell adherence reactions 
(Soulsby, 1963; Jeska, 1969). Current immunological theory 
holds that an immune response is a concerted effort by the 
elements of the immune system, and that only rarely would a 
single component such as an antibody or cell be the only 
effector. Because Ascaris collagen has indications of being 
involved in both cellular and humoral immune responses 
(Michaeli et al. 1972), the collagen could serve as an excel­
lent probe to reveal the nature of the host's in vivo immune 
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response. The collagen's value as a probe is appreciable 
because it can be related physiologically and biochemically 
to the parasite, and it is well defined physically and 
chemically. 
The PF once again represents a better source for obtain­
ing collagen rather than to solublize it from the cuticle, 
but it is necessary to establish that collagen can be found 
in the PF, and that the PF and soluble cuticular collagens 
are antigenically identical and physicochemically similar. 
Chemical and Biochemcial Analysis 
of Pseudocoelomic Fluid 
Previous reviews on the biochemistry and physiology of 
Ascaris (Fairbairn 1957, 1960; Lee, 1965) offer a great deal 
more information on the PF than that revealed through immuno­
logical studies. This section will cover literature that will 
demonstrate the complexity of the PF. 
Early allergic work had indicated that Ascaris PF was 
both allergenic and toxic for experimental animals, and later 
investigations have demonstrated that the PF is toxic for 
microbes. Jettmar (1952) was able to show antibacterial 
activity for the PF for a wide variety of gram-negative 
bacteria and their spores. Przyjalkowski (1964a) reported 
that injections of PF could arrest the course of experimental 
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erysipeloid dermatitis in mice. In another experiment, 
Przyjalkowski (1964b) showed that PF possesed an vitro 
toxicity for Trypanosoma equipersum. 
These studies suggest that PF may function in the worm' 
own resistance to parasitism by microbial agents. The 
mechanisms of resistance are most likely to be broad-acting 
and non-specific. 
A number of specific substances have either been isolât 
ed or demonstrated to be present in the PF. They are listed 
below in outline form: 
Ao "Enzymes of A. suum pseudocoelomic fluid 
1. Amylase, maltase, proteinase (not speci­
fied) , peptidase (not specified), leucine 
aminopeptidase, general tripeptidase, 
lipase, esterase (Carpenter, 1952). In 
addition, she demonstrated that amylase, 
maltase and proteinase were different from 
their enzyme counterparts from the pig 
host, 
2. Invertase, maltase, amylase, lipase, alkaline 
and acid phosphatases and some proteinases 
(Cavier, 1951). Cavier felt that the large 
amount of carbohydrase activity plus the 
high glycogen content of parasitic nematodes 
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indicates singular importance for carbo­
hydrate metabolism. Fukushima (1966), 
when studying PP amylase, was unable to 
isolate glycogen from the PF. Instead, 
he isolated a glycoprotein which had 
glucosamine and galactosamine as com­
ponent sugars, with hexosamines account­
ing for 50% of the glycoprotein. 
Chitinase (Morishita and Kobayashi, 1963). 
This was inferred on the basis of PF's 
ability to dissolve the chitinous hyphae 
of the fungus Trichophyton. 
Aminopeptidase (Rhodes, Marsh and 
Ferguson, 1966). These investigators 
performed the first purification and 
characterization of this enzyme, and 
also established that it was not related 
to the pig counterpart. 
Malic dehydrogenase (Rhodes et al. 1965). 
In addition to purifying and demonstrating 
isozymes, these workers showed malic 
dehydrogenase to be antigenic and cross-
reactive with the same enzyme from other 
closely related parasites. 
Lipase (Morinta, 1967). The enzyme was 
purified and characterized. 
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B. Other compounds in the PF: 
1. Histamine (Pautrizel, Bezian and Ballanger, 1949)„ 
2. Trypsin and chymotrypsin inhibitors 
(Rhodes, Marsh and Kelley, 1963). 
3. lA blood group substance (Curtin, 1970). 
The presence of such a wide variety of enzymes indicates 
that either the PF is a medium for metabolic and synthetic 
functions, or, as seems less likely, there is a considerable 
spillage of enzymes into the PF from the worm's tissues. 
The demonstration of the antigenicity of malic dehydro­
genase by Rhodes et al. (1966) exemplifies a useful method 
for the identification of PF antigens. If an antigenic arc 
in lEA could be linked with a specific substrate reaction, 
the PF could be characterized in the same detailed manner 
as human serum. With a greater knowledge of components 
and their functions, coupled with ready identification by 
immunological or other methods, the PF could again be 
exploited as a counterpart to serum as a measure of the 
physiological state of the Ascaris in the host-parasite 
relationship. 
With a dynamic and direct measure of the parasite, it 
•vould be possible to lessen the dependence upon such infer­
ences as host responses, egg counts or changes in the number 
of parasites in unnaturally large experimental infections. 
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In this manner the parasite as an individual rather than as 
a group could be evaluated. 
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MATERIALS AND METHODS 
Collection of Parasites 
Ascaris suum adults were obtained from slaughter pigs at 
a local packing plant. Worms were collected and incubated at 
4'^C overnight in O.OIN NaOH to facilitate removal of pig 
intestinal matter from the worm's surface and gut. Following 
treatment with NaOH, worms were rinsed in running tap water 
for 30 minutes. The method for obtaining eggs for culture, 
as well as the procedure for culture and release of juveniles 
from eggs is described by Magat, Hubbard and Jeska (1972). 
Harvesting of Pseudocoelomic Fluid 
The posterior tip (approximately 1 cm) of thoroughly 
rinsed A. suum adults was cut off and worm fluid was allowed 
to drain into a flask. The freshly collected PF was clari­
fied by centrifugation at 6000 x g for 10 minutes. PF not to 
be used immediately was stored at 4°C with 1:10,000 merthio-
late or sodium azide as preservative. 
Preparation of Antigens 
A. suum PF was used without modification as an immunogen 
in the form of a pool from at least 100 worms. Unerabryonated 
eggs, embryonated eggs and second-stage juveniles were dis­
rupted by the method of Magat et al, (1972). Disrupted 
preparations were either used as homogenates for immunogens. 
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or extracted at 4°C in 0,1 M tris [2-aniino-2-(hydroxjrmethyl)-
1,3, propanediol]-HCl, pH 8.0 buffer (tris buffer) for 48 
hours with stirring. This same buffer was used throughout. 
Extract supernatants were collected by centrifugation at 
27,000 X g for 20 minutes at 4'^C in a Sorvall RC2-B centri­
fuge. 
Adult cuticular collagen was prepared as per the method 
of Josse and Harrington (1964). 
Pooled normal pig serum (NPS) was collected from 30 pigs 
taken randomly at slaughter. The term NPS is used as a con­
venience and the word "normal" does not imply that the pigs 
were free from ascariasis, but rather not experimentally 
infected. 
Preparation of Antisera 
Adult randomly bred New Zealand white rabbits (2-3kg), 
obtained from a local supplier, were used for the production 
of precipitating antibodies. All antigens were injected in 
three or four subcutaneous sites in the back near the scapulae 
in concentrations ranging from 10-50 mg/ml. All initial 
injections of antigen were mixed 1:1 with Freund's complete 
adjuvant. Boosters of antigen were administered every two to 
four weeks subcutaneous1y in the back without adjuvant until 
the antiserum produced sharp visible precipitin arcs in gel 
precipitation. The number of booster immunizations required 
ranged from four to nine. Rabbits were bled by cardiac 
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puncture. Preservative (1:10,000 merthiolate or sodium azide) 
was added to antisera, and all antisera and extracts were 
stored at 4°C. 
Antisera were prepared against: 
1. Whole pooled pseudocoelomic fluid 
2» Whole pooled normal pig serum 
3. Ao suum unembryonated egg homogenate 
4. Ao suum embryonated egg homogenate 
5. A. suum second stage infective juvenile 
homogenate 
6. Purified A. suum soluble cuticular collagen 
Active Immunization Sera 
Serum taken from rabbits experimentally infected with 
from 1000 to 5000 A. suum infective eggs was collected and 
individual sera were selected for use on the basis of reac­
tivity in gel precipitation. Serum from humans positive for 
VLM disease was kindly provided by Dr. Jose Oliver-Gonzalez. 
In addition, serum was taken from an associate (MEA) acciden­
tally infected with a patent Ascaris infection. Sera from 
rabbits experimentally infected with Toxocara canis were 
provided by Dr. J. E. Proctor. 
Concentration of Antisera 
Antisera (from various sources) that precipitated weakly 
were concentrated by a single precipitation at 50% saturation 
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with ammonium sulfate, pH 7.5. Antisera so precipitated were 
exhaustively dialyzed against tris buffer and restored to 
half of their original volume. Preservative (1:10,000 merthi-
olate) was added. 
Gel Precipitation Methods 
Immunoelectrophoretic analysis (lEA), using the micro-
method of Scheidegger (1955), was performed with Gelman 
apparatus and 1.75% agar in barbital-HCl buffer, pH 8.6. 
Developed patterns were photographed only after rinsing for a 
minimum of two 12 hour periods in 1% tris buffered saline 
(0.1% tris buffer + 0.9% NaCl) and two 12 hour periods in 
distilled water. The agar was then dried and stained with 
aniline blue-black (0,05% dissolved in a solvent of four 
parts methanol:one part glacial acetic acid: five parts water) 
and destained with the solvent. Some preparations were 
photographed after staining. 
Ouchterlony double-diffusion analysis (Ouchterlony, 1958) 
was carried out using 1.5 or 2.0% agar in tris buffer or with 
the lEA agar. Gelman agar punches and frames were utilized. 
Ouchterlony slides were photographed, washed, dried and 
stained in the same manner as lEA preparations. 
Indirect Hemagglutination (IHA) 
IHA was performed according to the method of Boyden 
(1951) as modified by Soulsby (1956). In addition, 
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gluteraldehyde-fixed sheep erythrocytes were used and 
prepared according to the procedure of Bing, Weyland and 
Stavitsky (1966). A dilution of 1:80,000 tannic acid was 
used to sensitize the fixed erythrocytes. 
Physical Fractionation Methods 
Gel filtration chromatography 
Sephadex gel G-25, 150 and 200 were prepared, packed 
in columns and samples were eluted from them according to 
manufacturer's recommendations. Columns used were either 
2.5 cm or 1.0 cm in diameter by 100 cm in length, with the 
exception of the column for G-25 which was 0.9 cm in diameter 
by 30 cm in length. 
Samples were eluted by ascending flow with tris buffer, 
and eluates were monitored with either an Isco 222 ultraviolet 
monitor at 256 mjj or with an LKB ultraviolet monitor at 278 
mp. Fractions of the eluate were collected in automatic 
fraction collectors, and fraction collector events as well as 
ultraviolet absorption peaks were recorded on a strip chart 
recorder. Columns were calibrated with Sephadex Blue Dextran 
2000. 
Ion-exchange chromatography 
Whatman DE-52 diethyl-aminoethyl cellulose ion exchanger 
was used for chromatographic separation, after precycling and 
equilibrating according to the manufacturer's recommendations. 
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A 2.5 cm X 10.0 cm column was used with a descending flow 
rate of 12-21 ml/hr. Samples were eluted with degassed tris 
buffered NaCl gradients of increasing concentration 
(Wittenberg et al. 1972), which were prepared in a Buchler 
gradient former. Eluates were monitored and collected with 
the same equipment described for gel filtration chromatog­
raphy „ 
Isoelectric focusing 
LKB type 8101 isoelectric focusing apparatus was 
employed to determine isoelectric points. Ampholine pH 
gradients from 3-10 were prepared, fractionated and measured 
according to procedures in the LKB manual number 1-8100-EOl. 
Ultracentrifugal preparation and analysis 
Preparative ultracentrifugation utilized a Beckman Spinco 
model L2-65B ultracentrifuge with a SW-27 rotor and 40 ml 
buckets. Sucrose gradients were either formed by hand (with 
5% increments) or with the aid of a Buchler or LKB gradient 
former. The gradients were spun at 27,000 rpm for 3 hrs. 
Bands were visualized with a beam of strong overhead light and 
withdrawn with a Pasteur pipette. Refractive indices of 
banded samples were measured with an Abbe refractometer 
(Bausch and Lomb). 
Sedimentation velocity measurements were obtained through 
the generosity of Dr. Marshall Phillips and Mr. Robert 
20 
Patterson of the National Animal Disease Laboratory, Ames, 
Iowa. 
Membrane ultrafiltration 
Membrane ultrafiltration was performed with an Amicon 
model 52 stirred cell with a UM-05 membrane» Nitrogen gas 
2 pressure of 15 lb/in was used for obtaining fractions greater 
and smaller than 500 mw, which is the manufacturer's reported 
fractionation limit for the UM-05 membrane» The hope was to 
obtain simple sugars and low molecular weight compounds. 
Analytical Electrophoresis 
Cellulose acetate electrophoresis was performed with 
Beckman Microzone equipment using a pH 8.6, 0»075 ionic-
strength barbital buffer. Samples were separated with the 
application of a 250 V, 5 ma potential for a duration of 
20 minutes. A Beckman automated integrating densitometric 
scanner was used for quantitation of fractions stained for 
protein with a 0.2% Ponceau S solution. Stained cellulose 
acetate strips were not cleared before scanning. 
Vertical acrylamide slab electrophoresis was performed 
with an E-C Apparatus Corporation device. A 5% cross-linked 
cyanogum-41 acrylamide gel was used with a tris-(Na)2 EDTA-
boric acid, pH 8.4, 0.18 M buffer, according to the manu­
facturer's formula. Separated samples were stained with 
aniline blue-black, and destained in the stain solvent. 
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Quantitative Chemical Analysis 
Total nitrogen content and estimation of protein and 
carbohydrate were determined by the methods of Kjeldahl, the 
Lowry modification of Folin-Ciocalteau and Molisch, respec­
tively. Each of these methods is described in Kabat and 
Mayer's Experimental Immunochemistry (1961). NPS, with 
nitrogen determined by micro-Kjeldahl, was used to prepare a 
standard curve for the Folin-Ciocalteau protein estimation 
because NPS is representative of protein mixtures as would 
be found in the PF (Layne, 1957). 
The lipid content of the PF was determined by weighing 
samples of lipids extracted from known volumes of PF. The 
extraction method employed was that of Fairbairn (1955), and 
samples were dried with a flash evaporator. 
Spectrophotometric measurements were made with a 
Gilford model 2400 or a Bausch and Lomb Spectronic 20 
spectrophotometer. 
Enzymatic Hydrolysis 
The methods for utilization of the proteolytic enzymes 
trypsin and collagenase were provided by Worthington Bio­
chemical Corporation (1972). The collagenase preparation was 
further purified by gel filtration on Sephadex G-200. A 
sample of 7 ml of collagenase containing 3.5 mg/ml was placed 
on a 2.5 x 100 cm column and eluted with tris buffer. The 
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fractions were concentrated by negative pressure dialysis to 
a 7 ml volume and dialyzed against 0.05 11, pH 7.5 tris buffer 
containing 0.004% CaClg 4^C. The collagenase was 
determined to hydrolyze bovine achilles tendon collagen 
(courtesy of Dr. W. J. Magat). 
Trypsin was prepared by Grand Island Biological Company 
and was supplied in a tris-EDTA buffer. 
Hydrolysis was carried out at 37°C for both trypsin and 
collagenase against purified PF hemoglobin and the PF 
collagen-like substance for a period of 6 hrs with samples 
taken every 2 hrs, similar to the method of Fuchs and 
Harrington (1970). 
The samples were reacted with anti-whole PF serum 
proportions previously determined to be appropriate. 
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RESULTS 
Immunoelectrophoretic analysis of whole PF demonstrated 
a pattern of precipitin arcs which migrated from the origin 
both anodically and cathodically (Figure 1). The number of 
arcs varied with each individual rabbit antiserum, which ranged 
from ten to twenty-one. The immunoelectropherogram of the 
whole PF was often crowded in appearance and it was difficult 
to distinguish many of the antigenic arcs due to overlapping, 
superimposition and other such obscuring influences. 
Because of the greater size and larger volume of PF 
contained within female A. suum worms, it was an early objec­
tive to determine whether the collection of mostly female PF 
would in any way compromise subsequent research on pooled PF 
samples. A comparison was made between male and female 
individual samples by TEA and cellulose acetate and vertical 
acrylamide slab electrophoresis. The immunoelectropherograms 
of male and female PF did not reveal any differences between 
individuals or sexes on the basis of inspection and comparison 
of electrophoretic mobility, flexure, number, position and 
diffusion of the various percipitin arcs. All TEA patterns 
of the twenty individuals of both sexes resembled the pattern 
of the pooled PF antigen in Figure 1. 
Cellulose acetate electropherograms, stained for protein, 
also appeared to be similar for both sexes (Figure 2)o Owing 
to the greater resolution of polyacrylamide electrophoresis 
Figure 1. Anti-PF Serum vs PF in lEA 
Well - PF 
Trough - rabbit anti-PF Serum 
The anode is to the left. 
25 
Figure 2. Electropherograms of PF from males and females 
Upper Drawing: 
Cellulose acetate electropherograms 
= male 
P = female 
Lower Drawing: 
Acrylamide slab electropherogram 
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over cellulose acetate electrophoresis, a greater number of 
protein staining bands were visible in the acrylamide. There 
were also differences apparent between the individual samples 
based on number, position and size of the bands, but these 
differences did not follow a pattern that could be related 
to the sex of the worm^ Therefore, it was concluded that the 
risk would be minimal that future data would be biased by the 
use of pooled PF collected mostly from females. 
In order to investigate whether the host and parasite 
shared antigenic specificity, the PF and NPS were used as 
antigens to represent the worm and host respectively. Anti-
sera prepared in rabbits against the PF and NPS were used to 
develop precipitin arcs in lEA. There were "cross-reactions" 
produced by NPS antigens and anti-PF serum in lEA (Figure 3). 
The term "cross-reaction" is used advisedly because it was not 
established whether the same antigen was used to stimulate 
antibody production or whether there was no prior antigenic 
experience by the animal from which the antiserum was taken. 
A fusion of precipitin arcs was produced by an antigen frac­
tion of the NPS prepared by exclusion from Sephadex G-200 gel. 
This antigen was reacted with anti-PF and NPS sera. The arcs 
were fused anodically with respect to the origin in a region 
that would approximate the alpha fraction of the NPS (Figure 
4). 
Cross-reactions were also obtained when a PF antigen was 
concentrated and fractionated by distilled water precipitation. 
Figure 3. Cross reaction - Anti-PF vs NPS in lEA 
Wells - NPS 
Upper trough - rabbit anti-NPS 
Lower trough - rabbit anti-PF 
1 - reaction of fusion with antibodies from 
two antisera 
2 - single arc produced against NPS 
Anode is to the left. 
30 
Figure 4. Cross reaction - anti-PF vs G-200 Vo'*' of NPS 
in lEA 
Upper well - PF 
Middle well - NPS Sephadex G-200 Vo fraction 
Lower well - NPS 
Upper trough - rabbit anti-PF 
Lower trough - rabbit anti-NPS 
Arrows delineate fusion of arcs (a) 
Anode is to the left. 
'•'The term "void volume" (Vo) denotes the liquid 
outside of the gel. In column chromatography 
void volume fraction is excluded from the gel 
and is eluted first from the column. 
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This antigen was reacted with anti-NPS serum in lEA, pro­
ducing two arcs. It was possible to obtain identity reactions 
for these two arcs when anti-PF serum was used in conjunction 
with the other reagents in lEA (Figure 5). One set of arcs 
was joined about the origin and another was anodic to the 
origin. 
In order to determine the extent of purity of the origi­
nal Oliver-Gonzalez VLM diagnostic antigen, a sample (kindly 
provided by Dr. Jose Oliver-Gonzalez) was subjected to immuno-
electrophoretic analysis using an anti-PF serum. The sample 
developed from three to four arcs, which were distributed 
closely from the origin to the cathode (Figure 9, lower well). 
To indicate which antigens of the PF might be active in 
the infective process, both the PF and a PF fraction that 
resembled the VL.M diagnostic antigen were reacted with serum 
from experimentally infected rabbits. The PF, when reacted 
with the active immunization serum, produced four arcs in lEA. 
The PF fraction, which was similar to the VLM diagnostic anti­
gen, was prepared by distilled water precipitation followed by 
exclusion from Sephadex G-200 gel. When this PF fraction was 
used as an antigen in lEA and reacted with active immunization 
serum, a single arc formed about the origin. An identity 
reaction of the arc developed with the PF fraction antigen, 
anti-PF serum and active immunization serum is shown in Figure 
6. The antigen forming the single precipitin band became the 
Figure 5. Cross reaction - rabbit anti-NPS vs PF 
fraction in lEA 
Upper well - NPS 
Lower well - PF distilled water precipitate 
fraction 
Upper trough - rabbit anti-NPS 
Lower trough - rabbit anti-PF 
a arrows - cross reaction with fusion of arcs 
b arrows - cross reaction (fusion not shown in 
photograph) 
Anode is to the left. 
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Figure 6. Active immunization serum vs PF and PF fraction 
in lEA 
Upper well - PF 
Lower well - PF fractionated by distilled water 
precipitation and Sephadex G-200 Vo 
Upper trough - rabbit anti-PF 
Lower trough - rabbit experimental infection 
antiserum 
Arrows delineate lower faint fused precipitin arc 
Anode is to the left. 
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object of subsequent attempts of purification and isolation 
on the premise that this was the principal antigen or at 
least an "active" antigen in the partially purified VLM 
diagnostic antigen preparation. 
The PF was fractionated with as many methods as possible 
in order to characterize it from a number of different 
perspectives and parameters. One such method was electro-
phoretic analysis, which had the advantage of not being 
dependent upon antigenicity. Electrophoresis of pooled PF 
on cellulose acetate membranes followed by densitometric 
scanning demonstrated six protein-staining peaks (Figure 7). 
It was possible to calculate the percentage distribution for 
each fraction, and these are listed below in order of appear­
ance from anode to cathode: 
1. 38.4% 
2. 8.4 
3. 15.4 
4 o  1 1 . 2  
5o 22.4 
6. 4.2 
The VLM diagnostic antigen had an electrophoretic mobil­
ity comparable to band six on cellulose acetate electrophor­
esis. which was located next to the origin. The VLM antigen 
also migrated similarily in acrylamide electrophoresis; it 
remained near the origin in a single dense band. 
Figure 7. Densitometrie scanning of cellulose acetate 
electropherograms of PF 
Upper graph - strip chart recording for densito-
metric scanning of cellulose 
acetate electrophoresis of NPS -
for reference and orientation 
only. 
Lower graph - densitometric scanning of cellu­
lose acetate electrophoresis for 
PF. Six peaks indicated by 
numbers. 
A - indicates anode 
O - indicates origin 
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Fractionation of the PF by means of Sephadex G-200 gel 
filtration resulted in three peaks. The distribution of the 
PF antigens in lEA for the three peaks plus the results of 
chromatography both appear in Figure 8. It is likely that 
many of the antigens are contained in more than one fraction 
(e.g., the particular antigen may be eluted from the gel 
column in a position between two adjacent peaks). Thus, the 
total number of antigens for the three fractions in Figure 8 
is probably too high for the native PF and should be con­
sidered an artifact of fractionation. 
In attempting to isolate and purify the VLM diagnostic 
antigen from the whole PF every sequence of fractionation 
involving such steps as distilled water precipitation, ammo­
nium sulfate precipitation, gel filtration, ion exchange chrom­
atography, isoelectric focusing, etc., yielded a final product 
containing the VLM diagnostic antigen and an additional anti­
gen (detected by anti-PF serum in lEA, Figure 9, upper well). 
It was observed, however, that there were differences in sedi­
mentation velocity between the two antigens as demonstrated by 
the analytical ultracentrifuge (Figure 10), Using a sucrose 
gradient with a preparative ultracentrifuge, it was possible 
to separate the two antigens (Figure 11). With this separa­
tion now possible, a completed scheme for isolation and 
purification of the VLM diagnostic antigen was developed. 
The protocol for purification of the antigen is in Figure 12. 
Figure 8. Fractionation of PF with Sephadex G-200 gel 
filtration 
Elution pattern of the 3 PF fractions: 
X axis - eluant expressed as void volumes 
(from 1 X 100 cm column) 
y axis - ultraviolet light (278 mu) absor-
bence of eluate expressed as 
optical density (OD) 
Immunoelectropherogram of the 3 PF fractions: 
W e l l s  - 1 = 1 ,  2  =  I I ,  3  =  I I I  ( S e e  
above) 
Troughs - rabbit anti-PF 
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Figure 9. Impure VLM diagnostic antigen preparation 
Upper well - impure VLM diagnostic antigen 
preparation (before sucrose 
gradient separation) 
Center well - VLM diagnostic antigen after 
sucrose gradient purification 
Lower well - Oliver-Gonzalez et al. (1969) 
VLM diagnostic reagent prepa­
ration, kindly provided by 
Dr. Jose Oliver-Gonzalez 
Troughs - rabbit anti-PF 

Figure 10. Photographie record of Schlieren optics 
pattern from analytical ultracentrifuge 
analysis of impure VLM diagnostic antigen 
preparation 

Figure 11. Light scattering bands in sucrose gradients 
Upper Photograph: 
Light scattering in sucrose gradient by 
bands from VLM diagnostic antigen and 
other component 
Lower Photograph; 
Top band (VLM diagnostic antigen) taken 
from gradient in upper photograph and 
rerun on sucrose gradient for final 
purification 
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WHOLE PSEUDOC|ELOMIC FLUID 
PPTNe WITH 50% SAT. [NH^jgSO^ AT 4°C 
PRECIPITATE — SUPERNATANT-
1 (CONTAINS HEMOGLOBIN) 
RESUSPEND AND DIALYZE VS. DISTILLED HOE 
PRECIPITATE SUPERNATANT 
I 
RESUSPEND IN TRIS BUFFER AND FRACTIONATE ON 
SEPHADEX G-200 IN 100 cm LONG COLUMN 
f 
Vo FRACTION »— 2 OTHER PEAKS 
I 
CONCENTRATE TO ~ 5-10 mg/ml WITH NEGATIVE PRESSURE DIALYSIS 
PLACE ON 10-50% SUCROSE GRADIENT 
(BECKMAN SW-27 ROTOR; SPIN^AT 27,000 rpm FOR 3 iirs) 
TWO UPPER BANDS, POSSIBLE LOWER FLOCCULAR DISPERSED BAND 
i \ i 
TOP BAND - PURE SECOND BAND - VLM FLOCCULAR BAND -
VLM DIAGNOSTIC DIAGNOSTIC ANTIGEN AGGREGATED VLM 
ANTIGEN + OTHER COMPONENT DIAGNOSTIC ANTIGEN 
sp.gr.= 1.0299 sp.gr.= 1.0635 
EQUIV. TO 8% EQUIV. TO 16% 
SUCROSE SUCROSE 
Figure 12. Protocol for the purification of VLM diagnostic 
antigen 
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The lEA results for the VLM antigen demonstrating a single 
arc developed by anti-whole PF serum is shown in Figure 13, 
Ultracentrifugal analysis indicated that the VLM antigen had 
a sedimentation constant (Sgg of 5,8, 
In order to determine whether the purified "VLM diagnos­
tic antigen" obtained from the PF was capable of detecting 
antibodies in human and animal sera, as well as from human 
sera obtained from Dr. Jose Oliver-Gonzalez, the antigen was 
used to sensitize erythrocytes in indirect hemagglutination 
(IHA) tests. The titers obtained with the purified antigen 
were comparable to those obtained by Oliver-Gonzalez with the 
partially purified antigen. In addition, the antigen-sensi-
tized erythrocytes were agglutinated in the presence of 
rabbit infection sera (Toxocara canis and A, suum) and human 
sera taken from laboratory personnel who had been associated 
with Ascaris research (Table 1), One serum sample (MEÂ) was 
taken from a person who demonstrated a patent Ascaris infec­
tion both by passage of eggs and adult worms. 
The purified VLM antigen was subjected to further 
antigenic analysis in lEA with antisera prepared against 
whole PF and an adult cuticular collagen extract. Two single 
arcs were produced which fused in a reaction of identity 
(Figure 14), indicating that the VLM diagnostic antigen was 
related to collagen. It was decided that, in light of the 
possible relationship of the VLM diagnostic antigen to 
Figure 13» Pure VLM diagnostic antigen preparation 
Well - purified VLM diagnostic antigen 
Upper trough - rabbit anti-ascaris cuticular 
collagen 
Lower trough - rabbit anti-PF 
Anode is to the left. 
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Table 1. Indirect hemagglutination results 
Purified VLM Diagnostic Antigen Reciprocal of Titer 
Normal rabbit serum 0 
Ascaris suum infected rabbit serum 4096 
Toxocara canis infected rabbit serum 256 
Human sera: 
MEA-patent Ascaris infection 512 
MEA-convalescent 128 
KLS 2048 
SS 256 
WJH 256 
HE 32 (161) 
ATJ 32 (161) 
DL 32 (3.3"*) 
RIV 16 (8'") 
Adult Cuticular Collagen Antigen 
Normal rabbit serum 0 
Human sera: 
MEA-convalescent 16 
KLS 64 
SS 32 
WJH 16 
PF Hemoglobin Antigen 
Normal rabbit serum 0 
Infected rabbit serum 64 
Human sera: 
MEA-patent Ascaris infection 0 
KLS 512 
SS 0 
'•'Titer provided by Dr. Jose Oliver-Gonzalez with his original 
diagnostic antigen prepared from PF. 
Figure 14. Identification of PFCLS component in PF 
Well - PF 
Upper trough - rabbit anti-Ascaris adult 
soluble cuticular collagen 
Lower trough - rabbit anti-PF 
Solid arrows (lower) - delineate reaction 
of fusion 
Hollow arrows (upper) - indicate the flexure 
of a single arc pro­
duced from the reaction 
of PF (well not visible) 
with anti-collagen 
antiserum and anti-PF 
serum 
Anode is to the left. 
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collagen, it would be simpler to distinguish the purified 
PF diagnostic antigen from the VLM diagnostic antigen of 
Oliver-Gonzalez by referring to the former as PF collagen­
like substance (PFCLS), 
In order to give further evidence that the PFCLS was 
related to collagen, the antigen was treated with the 
hydrolytic enzymes trypsin and microbial collagenase. The 
Clostridium histolyticum collagenase was subjected to an 
additional purification step. The enzyme preparation was 
fractionated on Sephadex G-200 gel which gave a small peak 
(discarded), eluted in the void volume, and a larger peak 
which contained the active enzyme (Figure 15). A sample of 
purified A, suum hemoglobin was used as a non-collagen 
protein control. The results of the hydrolysis were deter­
mined by quantitative precipitation with anti-whole PF serum 
and the two antigens. At least 20% of the PFCLS precipitating 
ability was lost after exposure to collagenase for 6 hours, 
while treatment with trypsin did not affect precipitation. 
The hemoglobin lost over 50% of its precipitating activity 
when exposed to trypsin, while collagenase had no apparent 
effect (Figure 15). 
It was observed in lEA that the purified PFCLS antigen 
after the initial electrophoresis, but before exposure to 
antibody, apparently formed a distinct white wedge (cathodal 
wedge) on the cathodal side of the well. This wedge had been 
Figure 15. Purification of collagenase and reaction of 
collagenase and trypsin with PFCLS and hemo­
globin 
Upper Graph: Purification of collagenase 
preparation on Sephadex G-200 
X axis - elution of void volumes from 
column (2.5 x 100 cm) 
y axis - percent transmittance at 278 myi 
Lower Graph: Reactions of collagenase and 
trypsin with PFCLS and hemoglobin 
X axis - hours of exposure to enzyme at 
37 °C 
y axis - amount of substance precipitated 
by antibody, expressed as the 
percentage of the maximum amount 
precipitable 
A - collagenase treated hemoglobin and 
trypsin treated PFCLS 
B - collagenase treated PFCLS 
C - trypsin treated hemoglobin 
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a common feature in every lEA of the whole PF, In order to 
test the hypothesis that the cathodal wedge represented 
collagen that had undergone self-assembly because of being 
brought together by the electrical potential, whole PF was 
subjected to electrophoresis on microscope slides coated with 
lEA agar. The result was a white zone next to the cathodal 
side of the origin which could not be rinsed out of the agar 
with tris buffer, 2% saline or 5% sodium citrate (Figure 16), 
With the hypothesis in mind that the cathodal wedge was 
PFCLS, lEA patterns of precipitin arc development were 
observed from the initial charging with antiserum for a period 
of 24 hours. It was found that when the PFCLS component of 
the whole PF developed, its arc grew slowly from a position 
next to the cathodal wedge and diffused slowly away from it. 
A sequence of photographs showing this occurrence can be seen 
in Figure 17. By cutting out and washing the white cathodal 
wedge area prepared by agar electrophoresis, it was possible 
to extract pure PFCLS if the agar was broken up and subjected 
to magnetic stirring for 2 days. Even larger yields in 
shorter time could be obtained if the white agar chunks were 
treated with mercaptoethanol reducing agent. From these 
results an alternative purification scheme was evolved to 
produce the PFCLS (Figure 18). The antigenic identity of the 
PFCLS prepared by both methods with each other, as well as to 
the purified cuticular collagen, is shown in Figure 19. This 
Figure 16. Growth of arcs from "cathodal wedge" 
Upper Photograph; 
Arrows indicate the early formation of an 
arc directly adjacent to the "cathodal 
wedge" 
Well - PF 
Trough - rabbit anti-PF 
Anode is to the left. 
Center Photograph: 
Arrows point to diffusion of arc away 
from "cathodal wedge", in another 
immunoelectropherogram developed approx­
imately six hours longer, with the 
same reagents as described in the 
upper photograph 
Lower Photograph: 
Topmost arrow (near upper well) indicates 
farther diffusion from "cathodal wedge" in 
a reaction carried out approximately eight 
hours longer than that of the center photo­
graph 
Wells - PF 
Upper trough - rabbit anti-PF 
Lower trough - rabbit anti-Ascaris cuticular 
collagen 
X and Y indicate a reaction comparable to 
that shown in Figure 14 
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Figure 17. Alternative protocol for the purification of 
PFCLS 
(1) Place 10 ml of 2% lEA agar (pH 8.6) on a 3" x 5" 
microscope slide. 
(2) Cut 5 mm wide troughs (no more than 3, allowing at 
least 1 cm between adjacent troughs and edges) in 
the agar to within 1 cm of the edge, perpendicular 
to the flow of electrical potential. 
(3) Fill the trough completely with pseudocoelomic fluid, 
(4) Apply an electrical potential to the agar slides for 
a period of time sufficient to cause the red hemo­
globin component to migrate a distance of approxi­
mately 5 mm away from the trough. 50 volts per slide 
for 1 hr is usually sufficient to effect lodging of 
the PFCLS, The white area is visible as a zone just 
cathodal to the trough, with approximately the same 
shape as the trough. 
(5) Using a scalpel, cut the white PFCLS area from the 
agar slide and wash at 4°C with three changes of tris 
buffer (0.1 M, pH 8.0). 
(6) Using a magnetic stirrer, extract the PFCLS from the 
agar with 0.2 M NaCl. An alternative procedure for 
greater yield is to place the PFCLS cut from the agar 
in 5 M urea, and add sufficient beta-mercaptoethanol 
to reduce the PFCLS, An effective proportion for 
reduction is approximately 15 pi beta-mercaptoethanol : 
1 ml of 5 M urea solution. An indication of reduc­
tion is the agar block's changing from dense white to 
clear in appearance, 
(7) The reduced PFCLS can either be alkylated and dia-
lyzed or dialyzed and allowed to reaggregate. The 
antigenic specificity is the same for either treat­
ment, but the alkylated preparation is more stable 
for storage, 
(8) By mincing the agar containing the PFCLS and stirring 
it at 4° C for 6 hrs, it is possible to release some 
soluble PFCLS. Centrifugation at 600 x g for 15 min 
will precipitate the agar with the soluble PFCLS re­
maining in the supernatant. It is apparent from the 
centrifuged agar that a substantial portion of the 
PFCLS is not solubilized by this procedure, but the 
PFCLS that is solubilized probably is the same size 
as the native molecule as indicated by gel filtration. 
64 
I'; > 
Figure 18. Appearance of PFCLS lodged in agar 
Photograph of an agar gel containing PFCLS. 
PF was placed in the trough (T) and sub­
jected to electrophoresis. 
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Figure 19. Ouchterlony reaction of Ascaris collagens 
a - rabbit anti-PF antiserum 
b - Ascaris adult soluble cuticular collagen 
c - Ascaris infective juvenile soluble 
collagen 
d - PFCLS 
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antigenic identity was established with Ouchterlony analysis 
and was developed with rabbit anti-whole PF serum. 
As mentioned earlier, the PF hemoglobin was selected for 
study because a purification procedure was published and there 
was interest in indicating if the hemoglobin was antigenic and 
whether it occurred in the A. suum developmental stages. The 
method of Wittenberg et al. (1972) was followed verbatim and 
purity of the hemoglobin was established by demonstrating a 
single peak after gel-filtration and ion-exchange chromatog­
raphy, the production of a single arc in lEA with anti-whole 
PF serum (Figure 20), and the calculation of an R value 
<SÔrptioS IZ Thompson, 1972) of 1.27. In addition, 
similar absorption spectra to those previously published 
(Wittenberg et al. 1965) were observed. The hemoglobin arc 
was identified in the whole PF immunoelectropherogram with the 
interrupted trough technique. The interrupted trough is a 
trough with a narrow portion of agar left uncut. In this 
manner, the developing precipitin arcs of hemoglobin in the PF 
on one side of the trough and purified hemoglobin on the 
opposite side could diffuse through the agar bridge and become 
fused (Figure 21). 
Both the hemoglobin and PFCLS antigens were reacted with 
rabbit antisera prepared against extracts from A. suum unem-
bryonated eggs, embryonated eggs, second stage juveniles 
(larvae) and whole PF. Both the hemoglobin and PFCLS in 
Ouchterlony analysis were reactive in identity with every 
Figure 20. Purified hemoglobin in lEA 
Upper well - PF distilled water supernatant 
fraction (a hemoglobin rich 
fraction) 
Lower well - purified PF hemoglobin 
Trough - rabbit anti-PF 
Anode is to the left. 
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Figure 21. Identification of PF hemoglobin component 
lEA 
Anode is to the left. 
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stage, and PFCLS gave two additional identity reactions in 
the same Ouchterlony test with rabbit anti-collagen and 
anti-NPS sera (Figure 22). An additional Ouchterlony analysis 
is shown in Figure 22 demonstrating a fusion of precipitin 
arcs of the hemoglobin with rabbit A. suum infection antiserum 
and anti-whole PF serum. 
The results of quantitative physical and chemical 
analysis of pooled PF, as well as volume averages for male 
and female worms is listed in Table 2. The total volume 
averages were derived from thirty individual samples from 
each sex. Fractions for chemical analysis were obtained by 
membrane (Amicon UM-05) ultrafiltration and Sephadex G-25 gel 
filtration. It appeared that most of the nitrogen and 
protein-positive material was associated with large molecular 
weight fractions, while the carbohydrate was confined to the 
smaller molecular weight ranges. No attempt was made to 
fractionate the lipids. 
Figure 22. Ouchterlony reactions of PFCLS and hemoglobin 
with developmental stage antisera and active 
immunization serum 
Upper Photograph: 
Center well - PFCLS 
Outer wells - rabbit antisera versus: 
a - PF 
b - unembryonated eggs 
c - embryonated eggs 
d - infective juveniles 
e - Ascaris adult soluble cuticular 
collagen 
f - experimental Ascaris infection 
Center Photograph: 
Center well - purified PF hemoglobin 
Outer wells - rabbit antisera versus: 
g - PF 
h - infective juveniles 
i - embryonated eggs 
j - unembryonated eggs 
Lower Photograph: 
k - rabbit experimental Ascaris 
infection antiserum 
1 - purified PF hemoglobin 
m - rabbit anti-PF antiserum 
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Table 2. Quantitative"analysis for A. suum pseudocoelomic 
fluid 
PF <500 MW G25VO PF less G25Vo 
Kjeldahl 
Nitrogen 6.4^ 0.6~ ' 5. 9* 
Folin 
Protein 23.2 2.5 20.6 
Molisch 
CHO 3.2 2.0 1.2 1.9* 
Lipids 9.3 - — — 
Total Volume 
X Male 
X Female 
0.15 ml 
0.75 
For pooled PF: pH = 6.1, specific gravity = 1.0592 
''""mg/ml 
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DISCUSSION 
At the outset of this research the objective was to 
characterize the pseudocoelomic fluid in a general manner, 
with an additional goal of singling out antigenic components 
which could be isolated and characterized as extensively as 
possible. These antigens were selected on the basis of 
offering the most promise for demonstrating more than just an 
immunochemical etude, but rather as antigens that could point 
to some new and useful information on the host-parasite 
relationship. 
Selection of the VLM diagnostic antigen for isolation and 
characterization was prompted by reasoning that an antigen 
which had already been implicated as being involved with an 
infective process would offer a better opportunity for ful­
filling the aforementioned goals. It was not an objective, 
however, to reevaluate completely its diagnostic application. 
The "VLM diagnostic antigen" was successfully purified. 
Through the course of investigation two methods for purifica­
tion were developed. The first protocol utilized conventional 
biochemical methods and had the advantage of being controlled 
and well defined, yielding a product that is characterized. 
The disadvantages are that the first method is time consuming 
and expensive and necessitates that the person performing the 
fractionation have training in the separatory methods of chrom­
atography and ultracentrifugation. The second preparatory 
protocol is simple, inexpensive and rapid, giving the preparer 
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purified antigen in days rather than weeks. The lodging of 
the PFCLS in agar could be a result of self-assembly 
(Mechanic, 1970), altered salt concentrations during lEA, or 
electrophoretic removal of a stabilizing factor. The product 
has not been as well characterized, however, and one can only 
be certain that the antigenic specificity is the same. This 
is especially true if mercaptoethanol reduction is utilized. 
Through the course of investigation it was indicated that 
the VLM diagnostic antigen (PFCLS) was related to collagen and 
experiments were performed to confirm this relationship. A 
summary of these data is as follows: 
1. Relatively high molecular weight and probable 
long length as indicated by exclusion from 
Sephadex G-200 gel in columns and a sedi­
mentation constant of S^ go ^ 5.7» 
2. Degradation of PFCLS by collagenase and lack 
of degradation by trypsin. 
-3. Reaction of identity in Ouchterlony analysis 
with the purified cuticular collagen antigen 
as developed by anti-whole PF serum, and con­
versely the reaction of identity in lEA devel­
oped by anti-PF and anti-purified cuticular 
collagen antisera with both the whole PF and 
the purified PFCLS. 
While this evidence is far from conclusive it nonetheless 
provides substantial indications that the VLM diagnostic 
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antigen is indeed collagen-like. It must be borne in mind 
that the PFCLS could differ physically while being related 
antigenically to the cuticular collagen. Such factors as a 
sedimentation constant for the PFCLS of S^ gg = 5.7 as opposed 
to 7.0 (Jose and Harrington, 1964), less reduction of antibody 
precipitibility when PFCLS is treated with collagenase, plus 
the fact that the PFCLS exists and apparently functions in 
solution while the native state cuticular collagen situ 
is essentially insoluble, may suggest that the PFCLS and 
cuticular collagen could have significant and measurable 
differences. 
When compared to the VLM diagnostic antigen of Oliver-
Gonzalez, the PFCLS antigen was similar in performance in IHA; 
it detected antibodies in human and animal sera, and was 
applied diagnostically to a human serum from a subject having 
patent ascariasis. The possible diagnostic use of the PFCLS 
could have an additional advantage besides efficacy; as a pure 
antigen it would detect specific antibodies produced against a 
substance which has been studied biochemically and histo-
chemically. 
The second antigen selected for study was the hemoglobin 
present in the PF because there existed a good deal of infor­
mation on the purification and physicochemical characteriza­
tion for the hemoglobins of the PF and body wall of A. suum. 
At the outset of this work an objective was to determine if 
the hemoglobin was antigenic and if so, to apply it to 
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immunochemical testing to determine if it was present in 
developmental stages, active in infection, etc. In a publi­
cation released late in this investigation, Thompson (1972) 
described the use of a "heme antigen" for degranulation of rat 
mast cells. Although Thompson stated that she had used a 
"heme protein antigen" in her work, there were certain 
omissions in her report that made the designation of heme 
protein (hemoglobin) as an antigen presumptuous. The reasons 
for this are as follows: 
1. Fractionation of the PF was monitored by 
reaction of the fractions in Ouchterlony 
analysis with serum from rats infected with 
Amplicaecum robertsi, not Ascaris suum. 
2. While there was reactivity of the PF fractions 
with the infection serum, Thompson did not 
report that the purified hemoglobin would 
react with the antiserum. 
3. No comparison between the antigens of 
Amplicaecum robertsi and Ascaris suum was 
reported to justify the use of a heterologous 
antiserum. 
4. There was no evidence offered that the 
Amplicaecum robertsi contained hemoglobin. 
There was one additional point of controversy with 
Thompson's (1972) publication. She reported that she was 
unable to obtain a hemoglobin with an R value greater than 1,0 
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with the method of Wittenberg et al. (1972). In this study, 
however, Wittenberg's method was used verbatim with success 
and the R value observed was 1.27. 
The purified A. suum hemoglobin was indicated to be anti­
genic, but it was not determined that the purified hemoglobin 
could stimulate antibody production due to lack of time. The 
hemoglobin was identified in lEA as a broad arc, just anodic 
to the origin which apparently did not diffuse far. The hemo­
globin arc was quite distinct from the arc designated as PFCLS, 
which was more cathodic and had a characteristic double flex­
ure. However, the two were indicated to be present throughout 
the life cycle of A. suum. This was based on the observation 
that each antigen could produce a fusion of arcs with antisera 
prepared against unembryonated eggs, embryonated eggs, juve­
niles and whole pooled PF in Ouchterlony double diffusion 
analysis. Furthermore, both antigens formed precipitin arcs 
with sera from A. suum infected rabbits. The reaction with 
infection sera was further examined by the use of both antigens 
in IHA. They were capable of detecting antibodies, although 
the hemoglobin was not reactive with some of the sera which 
were positive for PFCLS. 
The conclusion reached from these findings is that PFCLS 
and hemoglobin, while not related antigenically, are probably 
both present throughout the development of A. suum. In 
addition, they are both implicated as being stimulatory to the 
host's immune system during the course of infection. 
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Tho general antigenic analysis of the whole PF was 
performed primarily by the use of lEA because of the large 
number oi antigens present. The immunoelectropherograms 
obtained appeared to be similar to those previously published 
by Tormo and Chordi, 1965 and Cappuccinelli et al,,1970. 
These two groups published only drawings, so it is difficult 
to compare their results to our photographs, because drawings 
are necessarily subject to interpretation. 
With a more precise knowledge of the individual compo­
nents, it would be possible to inspect an immunoelectrophero-
gram of PF and identify the antigens as is possible with 
human serum. An arc visualized would have associated with it 
a specific name and biological function. Besides the two 
antigens identified in this study, there are other components 
in the PF which can be readily identified. For example, 
there are enzymes known to be present in the PF (Cavier, 1951; 
Carpenter, 1952; Morishita and Kobayashi, 1963; Rhodes et al. 
1965, 1966; Fukushima, 1966; Morinta, 1967) and if these 
enzymes are antigenic they can be purified and identified in 
lEA. It would also be possible to identify an enzyme's 
antigenic arc in lEA of the whole PF by a reaction with its 
substrate, if such a reaction were not hindered by the 
enzymes being coupled to antibody. 
Another fact determined by lEA was the conclusion that 
there are no appreciable differences between PF from male and 
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female A. suum. Comparison by inspection of immunoelectro-
pherograms and electropherograms stained for protein on 
cellulose acetate did not reveal any discernable differences 
in the band patterns. The electropherograms on acrylamide, 
also stained for protein, did produce some differences, but 
these could not be correlated with the sex of the worms. The 
only known comparison of antigens of A. suum on the basis of 
the sex of the worm was that of Justus and Ivey (1969), who, 
in studying whole worm antigen extracts, found only minor 
differences between the sexes, leading them to speculate that 
these were probably antigens from reproductive organ tissues. 
No attempt was made to investigate male or female PF samples 
for antigenic differences. 
.The PF and its host counterpart, normal pig serum, were 
used to represent the host and parasite antigens through the 
production of antisera. Both fluids contain a large percentage 
of their animal's antigens. While neither fluid could possibly 
represent the total antigenic makeup of the animal, they are 
certainly excellent reagents for immunochemical study. Rabbit 
antisera prepared against PF and NPS were used to develop 
both homologous and heterologous precipitin reactions. 
The heterologous reaction in lEA of the PF antigen and 
anti-NPS serum demonstrated two percipitin arcs. These were 
a single arc about the origin with another arc anodic to the 
origin with electrophoretic mobilities comparable to serum 
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fast alpha and fast beta components. This author believes 
that these arcs are similar to those produced earlier by 
Williams and Soulsby (1970b), but their published immuno-
electropherogram had '*arcs that were difficult to visualize. 
Using anti-PF and NPS sera to form homologous and heterol 
ogous reactions in lEA with an antigenic PF fraction (dis­
tilled water precipitate), two fusion reactions were produced. 
One of these reactions involved the PFCLS, a fact confirmed by 
Ouchterlony analysis with pure PFCLS against anti-NPS and PF 
sera. 
Cross-reactivity of the antisera was indicated with the 
NPS antigens in TEA, a fact which is not known to have been 
previously reported. When reacted together against the NPS, 
the homologous anti-NPS serum and heterologous anti-PF serum 
revealed fusion reaction in the alpha region of the NPS. To 
further characterize this cross-reacting antigen, NPS was 
fractionated on Sephadex G-200. The antigen responsible for 
producing the cross-reaction was found to be eluted from the 
gel in the void volume fraction; hence, the antigen possessed 
relatively large size and alpha electrophoretic mobility. 
Further characterization of this NPS component was not pursued 
because porcine serum is not as well defined as some other 
common research animal species, and rigorous identification of 
this cross-reactant would have been too time consuming. 
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The last use of the PF to be discussed is in the area of 
antigen sharing. First, it would serve well to make certain 
clarifying points over what the data presented here do and do 
not establish. As mentioned earlier, the term "cross-reaction" 
is applied to some of these observations which indicate the 
occurrence of antigen sharing, with the reservation that it is 
in no way certain that these cross-reactions represent a 
manifestation of antibodies reacting with an antigen which was 
not specifically used for their production. In the case of 
the NPS and PF immunogens, it was not ascertained whether there 
were antigens of exogenous origin (e.g., from host, parasite or 
other organisms) present therein and presented to the rabbits 
which produced the antisera. 
In retrospect there are certain means by which some of 
these objections could be resolved. First, if serum from 
germ-free, gnotobiotic or Ascaris-free pigs was used to immu­
nize rabbits, and if such antisera produced demonstrated the 
same cross-reactions, it would greatly strengthen the belief 
that cross-reaction exists between the anti-NPS serum and the 
PF. Conversely, if it were possible to rear A. suum adults 
from embryos in well defined culture conditions, a PF would 
then be available which would be analogous in utility to the 
above mentioned pig serum, and as a consequence the assertion 
of cross-reaction between the NPS and the anti-PF serum would 
be more tenable. 
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Problems would still exist in interpretation of the data, 
however, in that one would have to acknowledge that pigs and 
worms raised under sterile conditions are exceptional animals, 
and as such may or may not represent their free-living counter­
parts. Alternatively, a specific pathogen-free animal such 
as an Ascaris-free pig could produce serum containing anti­
genic components from other organisms (such as bacteria), 
which may cross-react with Ascaris. There are numerous 
reports on the cross-reactions of antigens from various para­
sites with those of other animals, microbes and even plants 
(see Damian's 1964 review). Therefore, it may require exten­
sive antigenic analysis of those components which are indi­
cated to be cross-reactive, and even then some questions may 
be raised as to the origins of these antigens. It is an 
unfortunate fact of scientific research that all too often 
what one might behold to be an answer or a solution will on 
careful reflection become a finding that implores the 
researcher to look deeper and farther into the problem. 
With these restrictions in mind it is still a fact that 
the occurrence of "cross-reactions" has been frequently 
reported in the area of parasite immunology. As a consequence 
several theories have been proposed which endeavor to explain 
the biological significance of these cross-reactions to host-
parasite relationships. The first two explanations involve 
the presence of antigens from one animal in the fluids of 
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anothero The first example asserts that it is possible that 
the pig could contain antigens of worm origin in its serum. 
These antigens could be released either by destruction of the 
worm or as an excretion or secretion product during infection. 
In this manner the NPS plus the parasite antigens would be 
presented as a composite of antigens to the rabbit's immune 
system which produced the reagent antiserum. Berggren and 
Weller (1967) have provided a precedent for such an occurrence 
by observing that the sera of mice infected with Schistosoma 
mansoni contained an antigen of parasite origin, which they 
were able to isolate and characterize. 
Another application of this reasoning is that host (NPS) 
antigens are taken up by the worm into the PF. To accomplish 
this the worm would have to ingest and sequester the NPS 
antigens within the PF. The NPS antigens contained in the PF 
would also be presented as a composite of antigens to the 
immunized rabbit which produced the anti-PF serum. This 
explanation is less tenable in that, even if the A. suum were 
to feed on host blood (which is a point of controversy), the 
worm would still have to ingest and transport antigenically 
intact host components within the PF. 
Still another theory holds that the antigens are shared 
through a genetically mediated process in both host and 
parasite. Current thought in parasite immunology holds that 
the parasite produces or acquires antigens which are similar 
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to ones already ir existence in the host. Three mechanisms 
have been proposed for the bringing into existance of such 
antigen sharing. These are parasite synthesis by inducible 
genes as in bacterial systems (Capron et al. 1968), fortu­
itous or selective adsorption of host antigens to the parasite 
(Smithers and Terry, 1967) and molecular mimicry or 
"eclipsing" of host antigens mediated through evolutionary 
selection (Damian, 1967). 
The last hypothetical account for antigen sharing has a 
particular applicability to the cross-reaction observed in 
the alpha region of NPS as developed by the anti-PF and NPS 
sera. Damian, Green and Hubbard (1973) have observed that 
there is a cross-reaction between mouse alpha-2 macroglobulin 
and adult mansoni flukes. These investigators have con­
cluded that the trematode might be synthesizing antigenic 
determinants that mimic the murine alpha-2 macroglobulin. 
Therefore, it may be possible that the cross-reaction may occur 
with A. suum and the pig as has been shown with the mouse and 
mansoni. This would provide new information on the nature 
of shared antigens, which is an area of intensive interest in 
parasite immunology (Sprent, 1962; Dineen, 1963; Damian, 1964, 
1967; Capron et al. 1968; Smithers and Terry, 1967; Williams 
and Soulsby, 1970b; Clegg, Smithers and Terry, 1970). 
The non-immunological data were obtained by fractionation 
studies and quantitative physical and chemical analysis. As 
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was stated earlier the PF proved itself to ba an excellent 
subject for such investigation, owing to the fact that its 
components are already in solution. The only drawback for use 
of the PF is that it must be handled as a dangerous volatile 
chemical, owing to its potency as an allergen. 
The electrophoretic fractionation of the PF on cellulose 
acetate membranes produced six protein staining bands. This 
was in agreement with earlier observations by Benediktov 
(1962), who observed six bands for the PF with paper electro­
phoresis. The densitometric calculation for the protein 
distribution of the six fractions extends the earlier obser­
vations . 
The results of the non-immunological fractionation 
studies indicated that the PF solutes have a range from 500 MW 
or less to approximately 1,000,000 MW« Most of the protein 
and nitrogen is associated with the larger molecular weight 
fractions. The quantitative measurements on carbohydrates 
indicated that the bulk of this material has a molecular 
weight range between 500 and 5000. These generalizations are 
in agreement with the conclusions of Fairbairn (1957, 1960). 
It was not possible to make direct comparisons with 
Fairbairn's data because his values were expressed as a per­
centage by weight from dried PF while values from this study 
were expressed by weight per unit volume (mg/ml) from un­
treated or liquid PF. 
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Inspection of the table of quantitative chemical data 
reveals a discrepancy between the theoretical and observed 
values for protein nitrogen. Using the relationship of 6,25 
X N for estimating protein content of the PF, the expected 
value is approximately one fourth greater than the observed 
value (e.g., Kjeldahl nitrogen x 6.25 = 40.0, as compared to 
29.2 for Folin protein). This apparent disparity may be 
accounted for by the fact that the Folin-Ciocalteau test was 
standardized with NPS. It is possible that the PF has more 
non-protein nitrogen than the NPS. There are reports of urea, 
free amino acids, glucosamine, etc, being present in the PF 
(Fairbairn, 1957, 1960; Salmenkova, 1962; Jaskoski, 1963; 
Lee, 1965; Fukushima, 1966; Okuno, 1971). Alternatively, there 
could be a different ratio of aromatic amino acids to other 
amino acids in the PF as compared to those proteins originally 
studied which resulted in the conversion factor of 6.25 
(Kabat and Mayer, 1961). 
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SUMMARY AND CONCLUSIONS 
An immunochemical analysis of the A. suum pseudocoelomic 
fluid determined that the PF was antigenically complex. 
Two antigens were singled out from the PF for detailed 
immunochemical characterization, namely hemoglobin and a 
diagnostic antigen which appeared to be related to 
collagen (PFCLS). These antigens were identified in the 
immunoelectropherogram, giving the PF its only known 
antigenic markers for IEA„ 
The VLM diagnostic antigen of Oliver-Gonzalez et al. 
(1969) was determined to be a mixture of antigens. 
Evidence was obtained which indicated that the PFCLS was 
the antigen responsible for the efficacy of the original 
mixture. Both the PFCLS and cuticular collagen were 
successfully applied to the detection of antibodies, 
expecially in infection sera. Therefore, A. suum collagen 
may be a useful diagnostic reagent and is implicated as 
playing an important role in the infective process. 
Two experimental protocols were offered for the purifica­
tion of PFCLS antigen. The first method by its nature is 
lengthy and complex, but yields a better characterized 
product. The second method produces antigenically similar 
but less characterized PFCLS, with the advantages of 
technical simplicity, low cost and rapid results. 
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Hemoglobin was successfully purified from the PF, con- — 
firming the efficacy of isolation procedures published 
by Wittenberg et al. (1972). The antigenic nature of 
hemoglobin was established. 
The PFCLS and hemoglobin were shown to be identical to 
antigens present in unembryonated eggs, embryonated eggs, 
juveniles and adult PF. This indicates that these two 
antigens are present throughout the growth and develop­
ment of A. suum. 
Cross-reactions were demonstrated between normal pig 
serum and the PF by reaction of the two antigens with 
homologous and heterologous antisera prepared against 
the NPS and PF. Such cross-reactions indicate that the 
parasite and host could share antigens, but at this point 
it is only possible to speculate on the origin of such 
shared antigens. 
The biochemical and antigenic complexity of the PF often 
interferes with the resolution of many analytical methods. 
Greater resolution can often be obtained by fractionating 
the PF so that analysis is performed on simpler solutions. 
Care must be taken that any treatment of the PF will be 
minimal in denaturative effects, and interpretation of 
analytical results must be tempered by recognizing the 
fact that removal of biologically active molecules from 
their native environment can induce significant changes in 
the molecule. 
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8o Aside from the risk of allergic sensitization by exposure 
to the PF, the PF nonetheless is an ideal medium for 
antigenic analysis because of the large number of antigens 
in a relatively stable solution. 
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